To elucidate the mechanism of dimensional changes in alginate impression in solutions, the relationship between the ion concentrations in three types of solutions (nonelectrolyte and monovalent and divalent metallic salts) and change in gel volume was examined. The gel in the monovalent metallic salt solution expanded and a decrease in monovalent cation and an increase in Ca2+ were observed. This suggests that the crosslinking density of the gel reduced due to dissociation of Ca2+ from the calcium alginate gel. In divalent metallic salt solutions, the shrinkage occurred according to crosslinking of unreacted residue. In the nonelectrolytic solution, gel, neither ethylene glycol nor acetonitrile showed any volume changes, while that in glutaraldehyde contracted. It is speculated that the former two solutions were affected by the fact that the gel has no semipermeability, and that the latter result was due to chemical interaction between the gel and solution.
INTRODUCTION
There are dimensional changes in alginate impressions in various solutions1-3), and the effects of solutions on surface roughness of stone casts4-6) have been investigated to develop a disinfectant-fixing solution for alginate impressions. It was found that the dimensional changes in impressions and stone cast roughness varied depending on not only the solution, but also the type of impression materials. As the dimensional changes and the stone cast roughness are the result of physicochemical interactions between the alginate gel and the solution, they may be influenced by both the gel and solution components.
In the previous paper7), the volume change in a calcium alginate gel with no other constituents was measured in various types of solutions. Gels in monovalent metallic salt (potassium sulfate, sodium sulfate and sodium hypochlorite) solutions showed expansion, while they showed contraction in nonelectrolyte (glutaraldehyde) or divalent metallic salt (calcium chloride) solutions.
When gel expands or contracts in solutions, a transfer of substances between gel and solution may occur. Such a phenomenon makes it possible to clarify how the gel swelling/deswelling mechanism differs depending on the solution type. In this study, we focused on the ion concentration change of solutions containing gel, and examined the relationship between these concentrations and volume changes of the gels.
MATERIALS AND METHODS

Materials
The materials used in this experiment are shown in Table  1 
DISCUSSION
Dimensional changes in alginate impressions in solutions are caused by physical and chemical interactions between solutions and alginate gels. In the present study, the characteristic swelling/deswelling behaviors of alginate gels were observed when immersed in three types of solutions, namely, nonelectrolyte, monovalent or divalent salt solutions. In general, polymer gels consist of macromolecular network and the solvent molecules therein. Thus, the solvent in a gel can be extruded out, or uptaken from outside into the gel, according to the force balance between the network chain elasticity and osmotic pressure of the solvent. Moreover, this balance may be affected by the affinity between the polyelectrolyte and the solvent, and the osmotic pressure difference between the gel and the outer solution8). The effects of these factors on the behavior of swelling/deswelling of each gel in each solution are discussed below.
Gel volume changes in the nonelectrolytic solution In solutions up to 0.6M with nonelectrolytes EG and AN, gel volume scarcely changed (Fig. 7) . Also, there was little change in concentration of Na+ and Cl-in these solutions, but there was a slight Ca2+ elution (Figs. 1 and 2 ). However, since the level of Ca2+ elution was very low, EG and AN were thought to be less influential on interactions between gel and solution.
When the calcium alginate gel was immersed in solutions, an osmotic pressure difference between the desalted gel and immersion solution containing nonelectrolytes was generated.
Hence, we can assume that the solvent in the gel may move into the solution in order to cancel out the osmotic pressure difference, leading to gel contraction. In contrast to this speculation, no volume change occurred in the two nonelectrolytic solutions. Therefore, it is thought that the alginate gel may have no semipermeability for nonelectrolyte solutes and that the solvent can not move one way from gel to solution. A concentration difference between gel and solution would make solute species diffuse into the gel via a driving force until equilibrium was attained between them. In another nonelectrolyte GA solution, the gel volume decreased almost linearly with increases in GA concentration (Fig. 7) . In addition, movement of traces of Na+ into gel and elution of Ca2+ from the gel were observed (Fig. 3) . The Na+ in the GA solution was a constituent of the reagent (0.01% of Na+ was detected in the 25% glutaraldehyde reagent).
The eluted amount of Ca2+ into the GA solution was 3 to 40 times of that into the AN solution. The eluted Ca2+ probably arises from the calcium alginate gel. Thus, the GA solution is thought to function to liberate the calcium from the gel by scission of the crosslink. The gel, however, contracted in the GA solution, in contrast to the prediction that crosslink scission in the gel would lead to a reduction in the crosslinking density, thereby increasing the degree of swelling. This phenomenon could be attributed to another possible chemical interaction between the alginate gel and GA solution. Since the GA solution was acidic at pH 3, hydronium ions would substitute both calcium ions in the crosslink, and sodium ions associating with the carboxylate residue, turning the carboxylate residue to an insoluble acid residue. On the other hand, based on an analogy of the reaction between hydroxyl groups in polymers and dialdehydes, reported by Yamauchi9), it is predictable that hydroxyl groups in alginate may react with glutaraldehyde, a dialdehyde, to increase the crosslinking bond in the gel network, causing gel contraction. Additionally, it should be noted that the disinfectant potential of glutaraldehyde may be reduced by consuming part of the glutaraldehyde in the reaction with alginate.
Gel volume changes in the monovalent metallic salt solution Gels immersed in solutions containing K+, KCl or K2SO4 swelled. The degree of swelling varied with the type and concentration of salts, with the maximum at 0.3M K+ concentration, and decreasing at higher concentrations in the case of KCl solutions (Fig. 8) . K+, Cl-and SO42-in the solution were trapped in the gel with simultaneous elution of Ca2+ from it (Figs. 4 and 5). As reported by Wang et al.10), calcium in the alginate gel was replaced with K+ and eluted into the solution.
The experimental results indicated that Ca2+ elution increased with KC1 concentration and the degree of swelling decreased with concentration levels above 0.3M.
More Ca2+ elution and less crosslinking density led to an increase in the swelling. We can not explain the reason for this contradiction.
Presumably, cations other than Ca2+ entered the gel replacing the roles of Ca2+ cations as crosslink agents. However, it is thought that the greater difference in salt concentration between solution and gel results in solvent movement from the gel to the solution due to the osmotic pressure difference between them, and that the higher ionic strength in the gel acts on the morphological changes in inter-crosslinking molecular chains from extended form to shrunk form. The mechanism of swelling in the K2SO4 solution was considered to be almost the same as in KCl, while the maximum degree of swelling in the K2SO4 solution was twice that in the KCl solution. Also, the crosslink scission in the K2SO4 solution progressed more than in the KCl solution.
The gel immersed in the K2SO4 solution was evidently softer than that with KCl, especially at high concentrations. Swelling of the gel in K2SO4 may have been due to the effect of anions, as well as cations. To discuss the effect of anions, KCl and K2SO4 solutions with the same concentration of K+ are compared with each other below, assuming that their degrees of ionization were equal. The concentration of Ca2+ in the 0.3M K2SO4 solution after immersing in the gel (Fig. 5) was obviously lower than that in the 0.6M KCl solution (Fig. 4) . Based on the difference in solubility between CaSO4 and CaCl2, this suggested that SO42-facilitated dissociation of Ca2+ in the gel more extensively than Cl-.
Gel volume changes in the divalent metallic salt solution When immersed in the CaCl2 solution, gel trapped Ca2+ from the solution and contracted. After 20 min's immersion, the concentration in the Ca2+ in 0.03, 0.3 and 0.6 M CaCl2 solutions decreased by 2.2, 20.1 and 26.2mM, respectively (Fig. 6) , followed
